Abstract -We examined whether there are novel neurotrophic factors (NTFs) in nerve regeneration conditioned fluid (NRCF). Nerve regeneration chamber models were established in the sciatic nerves of 25 New Zealand rabbits, and NRCF was extracted from the chambers l week postoperatively. Proteins in NRCF were separated by native polyacrylamide gel electrophoresis (PAGE), and Western blot and ELISA were used to identify the proteins. A novel NTF was identified in a protein fraction corresponding to 220 kDa.
INTRODUCTION
Nerve regeneration refers to the repair or regrowth of nervous cells, tissues or cell products and includes the generation of new neurons, myelin, glia, axons or synapses (Kandel et al., 2000) . Biologically active proteins or chemokines in nerve regeneration conditioned fluid (NRCF), such as neurotrophic factors (NTFs), play important roles in nerve regeneration (Meek and Coert, 2002) . NTF is a family of proteins that are essential for the maintenance of mature neurons and the growth of developing neurons. Research has shown that the initial growth and development of neurons is promoted by NTFs in the central nervous system (CNS) and peripheral nervous system (PNS), and that damaged neurons can regrow in vitro and in vivo in the presence of NTFs (Deister and Schmidt, 2006) . Nerve growth factor (NGF) is the first discovered member of the neurotrophin family (Ebendal, 1992) . NGF is widely distributed in the adult organism and plays a role in the differentiation of sensory and sympathetic ganglia in developing chick embryos (Schenkein and Bueker, 1962) . Brain-derived neurotrophic factor (BDNF) is expressed and widely distributed in the CNS where it acts as a trophic factor for dopaminergic and cholinergic neurons of the substantia nigra/ ventral mesencephalon (Barde et al., 1982; Lewin and Barde, 1996) . The neurotrophic factor derived from glial cells (GDNF) is a potent neurotrophic factor with an important role in the differentiation, development, growth and survival of the cells in the CNS (Oppenheim et al., 1995) . Neurotrophin-3 (NT-3) also contributes to the formation of neural networks and NT-3 can be found outside the CNS, such as skeletal muscle, lymphocytes and pancreatic beta cells (Tazi et al., 1996; Terenghi, 1999) . NT-4 is a NTF and a ligand for tropomyosin-related kinase B (TrkB). Yoshizaki et al. (2008) have found that NT-4 promotes the expression of enamel matrix genes and enhances the differentiation of dental epithelial cells. Ciliary neurotrophic factor (CNTF) was originally identified as a trophic molecule for the survival of embryonic chicken ciliary neurons in vitro (Adler et al., 1979) .
The use of nerve regeneration tubes to collect fluid for the analysis of the neurotrophic and neuritogenic agents that influence regenerative events was first described about 30 years ago (Longo et al., 1983a; Longo et al., 1984) . The peripheral nerve regeneration model was established by suturing the openings of cylindrical silicone chambers to the proximal and distal stumps of transected rat sciatic nerve. Longo et al. (1983b) found that fluid collected from nerve regeneration chambers contains NTFs directed at sensory, sympathetic and spinal cord neurons. These studies confirmed that NRCF containing factors with neuronotrophic activities could be collected by establishing models of sciatic nerve regeneration.
In this study, the nerve regeneration chamber model was established in the sciatic nerves of New Zealand rabbits, and NRCF was extracted from the silicone chambers at l week postoperatively. The proteins in the NRCF were subjected to ammonium sulfate precipitation and gel filtration, and the presence of NGF, GDNF, BDNF, NT-3, NT-4 and CNTF was examined by Western blot analysis and enzymelinked immunosorbent assay (ELISA).
MATERIALS AND METHODS

Animals
A total of 25 male New Zealand white rabbits weighing 1.8-2.5 kg were recruited for the study. Rabbits were obtained from the Experimental Animal Center of Shanghai Second Medical University. Animal care and laboratory treatment were in accordance with the guidelines established by the Animal Ethics Committee of the Shanghai Ninth People's Hospital.
Establishment of nerve regeneration chamber model and extraction of NRCF
Anesthesia was administered intramuscularly using a mixture of ketamine (100 mg/kg) and sumianxin (500 mg/kg). The sciatic nerves of each rabbit were exposed bilaterally under aseptic conditions and 2 mm length of the sciatic nerve between the divided ends was removed. The proximal and distal stumps of the sciatic nerves were sutured into the openings of cylindrical silicone tubes (diameter: 2.5 mm, length: 4 cm) by 8-0 nylon.
One week after surgery, the rabbits were anesthetized and the sciatic nerves were re-exposed bilaterally. The silicone tubes were removed after cutting the proximal and distal end of the sciatic nerves. Then, 50-110 μL NRCF in each nerve regeneration chamber was collected by microinjector. A total of 3 mL NRCF was obtained and preserved at -20°C.
Protein purification
Three ml of NRCF were diluted with an equal volume of 0.2 M PBS (pH 7.2). Saturated ammonium sulfate solution was slowly added to a final concentration of 50%. The solution was kept at 4°C overnight, and the supernatant was removed by centrifugation at 1 154 g for 20 min. The obtained precipitate was dissolved in 2 mL PBS and loaded in a dialysis bag to remove ammonium ions. The crudely purified NRCF was obtained after coprecipitation and dialysis twice. The concentration of protein in the NRCF was measured by ultraviolet (UV) spectrophotometry.
Two ml of NRCF was subjected to gel filtration on a 90 × 1.5 cm column of Sephadex-G200 (Pharmacia, Sweden) equilibrated with 0.2 M PBS (pH 7.2) (Skoog, 2006) . Two ml of a protein solution (2 mg/mL) containing molecular weight protein standards, (IgM (300 kDa), IgG (150 kDa), egg albumin (45 kDa) were loaded on the column and washed with 0.2 M PBS (pH 7.2). The concentration of the collected protein was measured by UV spectrophotometry in order to draw the reference curve. Two ml of the NRCF protein solution were loaded on the column and eluted. The relative molecular masses of the proteins from the NRCF were calculated from the relative molecular mass of the protein standards,.
Protein characterization
Two protein components of the were subjected to native PAGE as described by (Laemmli, 1970) , and transferred to nitrocellulose filters (Towbin H, 1992) . Western blotting and ELISA were performed according to the standard protocols (Capucci et al., 1996; Lelli et al., 2012) , using primary antibodies against GDNF, NGF, BDNF, CNTF, NT-4 and NT-3 (1:500; SantaCruz, America). Incubation with secondary antibodies (horseradish peroxidase (HRP)-conjugated goat anti-rabbit IgG (1:1000; SantaCruz, America)) was for 1 h at room temperature. All reactions were visualized with diaminobenzidine (DAB).
RESULTS AND DISCUSSION
To identify some of the proteins in NRCF, the NRCF was collected from silicone nerve regeneration chambers in rabbits, purified by saturated ammonium sulfate precipitation followed by gel filtration and examined by ELISA and Western analysis.
The relative maximal molecular masses of the major protein fractions from the NRCF obtained after chromatography were about 200 kDa and (20-40) kDa, and were designated as a and c, respectively (Fig. 1) . The relative molecular masses of the protein contained in a and c were 220KDa and (20-40) KDa, respectively, according to native-PAGE (Fig. 2 ).
There are three major types of neural factors in NRCF: NTFs, such as NGF, BDNF and CNTF with relative molecular masses of 140 kDa, 12.3 kDa and (20-30) kDa, respectively (Varon et al., 1967; Barde et al., 1982; Gordon et al., 2003; Mouri et al., 2007) ; neurite-promoting factors, such as epidermal growth factor (EGF) and basic fibroblast growth factor (bFGF) with relative molecular masses of 6 kDa and (15-20) kDa, respectively (Jungnickel et al., 2006) , and extracellular matrix components, such as lam- We selected NGF, BDNF, CNTF, NT-3, NT-4 and GDNF antibodies to conduct the experiment of Western blot and ELISA. ELISA revealed an increased presence of all six probed proteins in fraction c compared to fraction a (Fig. 3 ), notably NGF, followed by GDNF, BDNF,NT-3 and CNTF. Western blot analysis showed the presence of NT-4 in fraction a (Fig. 4a) , and NGF, BDNF, CNTF and NT-3, but not of NT-4 and GDNF in fraction c from the NRCF (Fig. 4b ).
An increasing number of studies of the use of non-nervous tubes (both biological and synthetic) for repairing nerve defects revealed their good clinical results (Battiston et al., 2005; Deal et al., 2012) . NRCF plays an important role in the regulation of nerve regeneration (Liu et al., 1995; Midha et al., 2003) .
Previously we suggested that motor nerve-derived NRCF has more neurite-promoting and neurobiological effects on motoneurons than on sensory nerve-derived NRCF and bFGF (Ping 2000) . In the present study, protein fraction a contained only NT-4. The biological activity of NT-4 is far below those of NGF, BDNF, CNTF and NT-3 that were identified in fraction. It could be inferred that a novel NTF is present in the 220 kDa fraction a. Battiston, B., Geuna, S., Ferrero, M. et al. (2005) . Nerve repair by means of tubulization: literature review and personal clinical experience comparing biological and synthetic conduits for sensory nerve repair. Microsurgery. 25, 258-267. 
